ABSTRACT: Shell-abounding thanatocenoses were collected from recent sediments of the Vistula River near Cracow formed during a few flood episodes. They are composed of 65 species of aquatic and terrestrial molluscs. Considerable differences between particular mollusc assemblages deposited on the river banks are controlled by both the intensity of flood and the changes of the fauna inhabiting the catchment area, mainly the floodplain and the river itself. Living specimens and empty shells of Potamopyrgus antipodarum (Gray) were found for the first time in thanatocenoses accumulated in Tyniec in 1999 and 2000.
INTRODUCTION
The Vistula River crosses the southernmost part of the Cracow Upland along a relatively narrow gate, ca. 300-400 m wide and 15 km long, called the Cracow Gate. It is bordered by several rocky hills, of a height ranging from 50 to 160 m above the valley bottom. The Holocene terrace and the floodplain with traces of abandoned river meanders are developed on the bottom of the valley. In the vicinity of Tyniec, the mentioned gate (the Tyniec Gate) is the narrowest part of the whole Vistula River Valley.
The water level fluctuates considerably during the year, being the lowest at the end of the summer and increasing in the spring (March/April), mainly due to the thaw in the Carpathians. Every few years, it rises also in June/July and rarely in September, after a prolonged rainfall or heavy downpours. Each spring the river rises by about 2 meters or more, reaching the warning or even the critical level, although most of its upper course has been regulated. Once in several years, an extreme flood event takes place, as the water level rises 5-6 m and even up to 8 m above the mean value (PUNZET 1977 , 1981 , SOJA & MROZEK 1990 , SOJA 1994 , 1996 . During each spring thaw, the mean water discharge in Tyniec is exceeded 3-5 times, while during heavy and extreme floods it reaches 20-40 times mean value. About fifteen such events were noted in the 20th century (BIELAÑSKI 1997 , FISZER 1999 , the most recent being those of 1970, 1985 and 1997. The catchment area of the Vistula River in its upper course (upstream of the Tyniec Gate) covers 7,524 km 2 . A part of the area extending in the Beskidy Mts is considerably wooded, while the other part, comprising the Upper Silesian Basin and the Cracow Upland, is to a high degree deforested. The section of the valley between Ooewiêcim and Cracow (50 km) is bordered by flood embankments limiting the penetration of the river over the floodplain and the lower terrace. In consequence, the material removed by water currents and deposited on the river banks originates mainly from this limited part of the valley bottom and partly also from tributaries.
Flood sediments containing plant debris, fragments of wood and branches, anthropogenic remains, as well as mollusc shells, are formed during each rise of the water level. Big accumulations of such a material are not spread evenly along the whole river course, but present in a few places, were they are repeatedly deposited. Such places are particularly suitable for studies on the structure and differentiation of thanatocenoses.
MATERIAL AND METHODS
The most interesting locality, where mollusc thanatocenoses accumulate within the Cracow Gate, is situated on the right bank of the river, at the foot of the rocky hill crowned by the old monastery in Tyniec (Fig. 1) . It occurs on the external of the channel bend, in its proximal part. A few large blocks of limestone are visible just on the bank, below the rocky wall. They fell down during the earthquake in 1786 (S. W. ALEXANDROWICZ 1956). Another locality was found on the left bank of the river, at the foot of the Wawel Hill in Cracow (S. W. ALEXANDROWICZ 1988).
Flood sediments were collected several times in 1982-2000, as single or twin samples (3-4 kg) and as series of samples (5 samples, 1-2 kg each). They derive from the following flood events ( Fig. 2) : * Increased water level after the spring thaw in 1982 -thanatocenosis deposited about 50 cm above the water level, sandy sediment enriched with plant remains and mollusc shells (single sample, TyniecTc-1). * Flood in early summer 1985 -thanatocenosis composed of fragments of wood and branches with numerous mollusc shells, deposited about 2 m above the water level, within a clump of bushes (two samples, Wawel Hill -Tc-2). * Extreme flood event in July 1997 -fragments of wood and branches, plant debris, anthropogenic material and mollusc shells accumulated 2.5 m above the water level, just below the rocky wall of the hill in Tyniec (two samples -Tc-3). * Water level increased as a result of rainfall in June 1999 -plant debris rich in mollusc shells, deposited along external side of a natural levee, 30-40 cm above the water level (five samples, Tyniec -Tc-4). * Slight increase in water level caused by a warming during late winter 2000 (end of February) -a patch of flood sediment accumulated within a small depression behind a natural levee, 20-30 cm above the water level (five samples, Tyniec -Tc-5). * Water level increased after the spring thaw in March 2000 -accumulation of plant debris with mollusc shells, situated below the escarpment of a low terrace, about 70 cm above the water level (one sample, Tyniec -Tc-6). * Overbank flow at the end of March 2000 -a small patch of flood sediment composed of plant debris with mollusc shells, deposited on the surface of a low terrace, 100-120 cm above the water level (one sample, Tyniec -Tc-7).
The collected material was dried, sifted and washed in order to pick out all mollusc shells and their identifiable fragments. The following standard methods of analysis described earlier (S. W. ALEXANDROWICZ 1987 were used: Two main components of thanatocenoses -water molluscs and land snails -should be regarded and interpreted separately because they are related to different parts of the environment. The former originate mostly from the river and partly from water bodies distributed within the floodplain, while the latter are shells washed from the valley bottom limited by flood embankments or surrounding slopes (W. P. ALEXANDROWICZ 1999). Such a method of interpretation was used also in malacological analysis of quaternary deposits (S. W. ALEXANDROWICZ 1993).
RESULTS
The described mollusc assemblages comprise about 3,500 specimens representing 65 taxa: 44 species of land snails, 17 species of water molluscs, 3 species of bivalves and slug shells ( Table 1) . Shells of three species are particularly abundant, reaching more than 10% of all specimens. These are: Physa acuta (15%), Succinea putris (13%) and Zonitoides nitidus (11%). Two species of Carychium, Cochlicopa lubrica and Vallonia pulchella are other land snails represented by a considerable number of shells; the same is true of water snails: Bithynia tentaculata and Lymnaea peregra (4-7% of specimens).
The thanatocenoses accumulated by particular flood episodes differ from each other to various degree. They contain 23-44 species and 277-1,095 specimens each, and are characterized by different values of the TDA index, ranging between 0.451 and 0.884 (Fig. 3) . The correlation between the number of species (Nt), the number of specimens (Ns) and the TDI index is statistically insignificant. The quantitative relations: land snails -water molluscs (L-W) and higrophile species -other land snails (H-C) are very much variable (Table 2) .
Four types of fauna (A-D) can be distinguished according to the malacological spectra MSS-MSI and indices L-W -C-H (Fig. 4, Table 2 ).
Type A -thanatocenosis Tc-1 is characterized by the dominance of water molluscs expressed by the L-W index = -0.67. They constitute 50% of species and more then 80% of specimens. Physa acuta, Ancylus fluviatilis and Lymnaea peregra are the main components of this assemblage, reaching 50%, 12% and 11% of shells, respectively. The index H-C = 0.62 reflects the relatively high percentage of higrophile snails (Succinea putris, Carychium minimum). The number of taxa is relatively low, like the value of TDA index.
Type B -thanatocenosis Tc-2 is more diversified, but shells of the water snail Physa acuta prevail again. (Table 3) .
The number and proportions of shells representing particular species of land and water snails, de- Table 2 . Selected indices characterizing thanatocenoses of the Vitula River in the Cracow Gate. Nt -number of species, Ns -number of specimens, TDA -index of diversity, L-W -relation between land-and water molluscs, H-D -relation between higrophile species and other land snails 
CONCLUSIONS
Thanatocenoses deposited in fluviatile sedimentary environment are related to the habitats occurring within the catchment area, to the fauna living in the river itself and in the water bodies located on the floodplain, as well as to the flood season, to the raised water level and the flow dynamics. Shell accumulations deposited on river banks after the spring thaw and the summer rainfall or downpour clearly differ from each other (KLEMM 1973) . Floods penetrating the valley bottom in both the mentioned seasons of the year reach other habitats distributed on the valley bottom. Empty shells and living specimens of molluscs are therefore washed from different parts of the floodplain and river terraces (S. W. ALEXANDROWICZ 1999, W. P. ALEXANDROWICZ 1999). At such times, thanatocenoses may be enriched with particular snail species which then become their dominant components (KOTULA 1882). There are also substantial differences between thanatocenoses accumulated by big lowland rivers, by short mountain/upland streams and on lake shores (CLESSIN 1908 , GEYER 1908 , VOHLAND 1910 , WASMUND 1926 , ZEISSLER 1963 , S. W. ALEXANDROWICZ 1999 , S. W. ALEXANDROWICZ & FLOREK 1999 .
Changes in environmental conditions of the Vistula River Valley, controlled both by the intensity of pollution and heating of water by power plants and factories, may contribute to these differences. Physa acuta, recorded from Tyniec for the first time by ZIÊBA & ZAAEWILICHOWSKA (1966) , became very abundant in the eighties, then its number gradually decreased during the next few years (S. W. ALEXANDROWICZ 1986 ALEXANDROWICZ , 1988 and stabilized in the late nineties. This reflects the impoverishment of its population living in the Vistula River upstream of Tyniec. The changes in the distribution of Ancylus fluviatilis are similar; its shells occur in thanatocenoses up to the summer 1997. On the other hand, the population of Bithynia tentaculata becomes gradually richer, as the number of its specimens in the thanatocenoses has increased about ten times since 1982.
The occurrence of Potamopyrgus antipodarum, noted in Tyniec for the first time in the summer 1999, is associated with the local spreading of its populations. In Poland, the invasion of this species has been progressing since the beginning of this century, starting from the Gulf of Szczecin (1908) and the Gulf of Gdañsk (ca. 1920) . About ten years later, the snail was recorded from Pomerania, spreading gradually eastward and southward, to reach the Wielkopolska Lowland in the late seventies, and the Mazury Lakeland in the nineties (URBAÑSKI 1935 , 1938 , EHRMANN 1956 , JACKIEWICZ 1973 , PIECHOCKI 1979 , DROZDOWSKI 1979 , BRZEZIÑSKI 1999 . The rapid expansion of Potamopyrgus in Upper Silesia began in 1986 (STRZELEC 1993). During seven years (1989) (1990) (1991) (1992) (1993) , more than twenty water bodies and streams have been invaded by this snail, including the localities within the Vistula basin near Pszczyna and D¹browa Górnicza ( The transport of the shell material by a river or a stream during the flood is usually short-distance and was estimated as not exceeding 30 km, and mostly limited to a few kilometers (WASMUND 1926 , S. W. ALEXANDROWICZ 1997 , 1998 , W. P. ALEXANDROWICZ 1999 . In dry valleys, washed once in a while during heavy rainfalls, as well as in small stream valleys, the transported shells are deposited quickly, compared to large rivers, where they are moved over a relatively long distance (KLEMM 1973 , S. W. ALEXANDROWICZ 1999 . On the other hand, the mode of displacement depends also on the the discharge of the stream/river during the spring or the summer flow.
